Heart reduction surgery can reconstitute the residual stress-strain state of the left ventricle  by unknown
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tightly binds the GpUb-IIIa receptor, so the pool of circulat-
ing, unbound drug is negligible. Transfused platelet~ there-
fore remain functional. The timing of platelet admIni~tratlOn
IS as yet unclear: we transfuse after weaning from cardIOpul-
monary bypa~s. Additionally, because abciximab increases
the activated clotting time in patients receiving heparin, we
recommend a reduced heparin dosage for patlent~ undergoing
cardiopulmonary bypass, with the caveat that optimal hepann
dosage in the presence of GpUb-IIIa inhibitors is as yet unde-
fined. We currently use a l50-flg/kg heparin dose and target
an activated clotting time of 500 seconds. It is also critical
that surgeons recognize the importance of delay between
administration of the particular GplIb-lIIa inhibitor and the
operation; if po~sible. waiting for a period eqUivalent to the
effective circulating half-life of the drug should be consid-
ered. Thi~ factor takes on additional relevance as newer,
shorter-actIng GpUb-IIIa reach the market (tlroflban and epti-
fibitide have recently been approved by the Food and Drug
Administration). The use of various "off-pump" techniques to
avoid cardiopulmonary bypass and full heparinization ~hould
be con~ldered when anatomically feasible and appropriate.
Finally. delay of the operation until after clearance of the
GpIIb-lIIa inhibitor i~ a reasonable strategy.
Alvarez I recommends the u~e of aprotinin as an adjunct to
hemostasi~ in patlent~ requiring an emergency operation in
the face of GpJIb-lIIa inhibition. Aprotinin reduces mediasti-
nal bleedIng In patients at high risk; however, Its salutory
effect on platelet function is mediated through the GpIb
receptor, affecting platelet adheSIOn rather than aggregation.
Although it is tempting to try anything when faced with thi~
difficult clinical problem. further information regarding the
interaction between aprotinin and GpIIb-IIIa inhibitors is cer-
tainly needed.
The importance of the platelet thrombus in acute coronary
ischemic syndromes and the ability to affect this process ha~
been called a "new frontier in myocardial reperfusion thera-
py:'3 For the significant number~ of patients who face cardiac
surgery after profound platelet inhibition. howcver, these
Inhibitors of platelet aggregation are a 2-edged sword. In hght
of the number of percutaneou~interventions performed annu-
ally in the United State~ and the number of vanous GpUb-I1Ia
Inhibitors (oral and intravenou~) coming to market, the mag-
nitude of tht~ problem I~ certain to nse. To treat patient~ In
these difficult ca~e~. cardiac ~urgeon~ will need an effective
management ,trategy that i, ba,ed on an under~tanding of the
pharmacodynamic, of the different platelet inhibitor~ and the
pathophY'lology of platelet adhe~lon and aggregation.
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Heart reduction surgery can reconstitute the residual
stress-strain state of the left ventricle
To the Editor:
Left ventricular (LV) reductIOn IS a new ~urgical therapeu-
tiC option that ha~ been devised and advanced by Bati~ta and
hi~ associate~ I for the treatment of end-stage dilated car-
diomyopathy. Resection of a large portion of the free wall of
the LV muscle mass re~ults in Significant reduction in the LV
cavity ~Ize and may improve ejection fraction. The ultimate
goal of the procedure I~ to reduce the diameter of the left ven-
tricle to restore a "more optimal" physiologiC volume/ma.,~
relationship. L' Regrettably, the ~cientific foundation for thl~
operation I~ deVOid of laboratory data. Only recently ha, there
been an attempt to formulate a physiologiC ratIOnale for thi,
operation2 using a multiple-compartment elastance model to
~Imulate the global effect~ of volume reduction on cardiac
pump mechamc,. The observed clinical benefits (improved
ejection fraction. enhanced ela~tance) of ventricular mass
reduction were based on sound theoretic argument. 2 What
remain~ i., ho\\ to explain the apparent increase in ventncular
performance that results from vanable removal of the
myocardium.
Many of the mechamsms of action attributed to volume
reduction are rooted in long-standIng belief that empha~lzes
wall stress a, the offending cause and the target variable to be
surgically manipulated. J..1 However. equating normalization
in chamber ,ize with reductIOn in wall stress may he expedi-
ent but not nece~,arily the pnnclpal mode by which thi, pro-
cedure re~tore~ myocardial functIOn. I 1
On closer examInallon, the argued chum of reduction in
active wall ~tre" is unfounded on both theoretic ground~ and
clinical findlugs. a, demomtrated by a uear doubling In cnd-
~y~tohc ela~tance after the volume reduction procedure. It is
hard If not impo"ible to reconcile the enhanced contractile
function With ,igniticant attenuation of acti\ e v. all ,tre'>'>. An
equally compelling alternati\e argument for the ob~ef\ed
nnprmement In contractile function and cardiac eneruetlc
etfIciency can be formulated. Thl' argument I, centered ,:bout
the concept ot re,ldual \\;all ,tre~,-<.,[raIn ,tate of the
myocardIUm.
A fundamental property of the heart i, it~ ability to engage
all regions and transmural layer, of myocyte,> in a collective
and nearly Uniform pattern of contractIOn. A common basic
property of many ~olid and hollow organs IS persistence of
residual strain (and hence strcss) when all external loads
(cavity pres,ure) are removed. In elastic structures such as
blood vessels and heart chambers, thi> property can be read-
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Fig 1. Cylindrical model (A) of the left ventricle at zew-
stress state, The re,ultmg openmg angle, m response to a lon-
gitudinal cut, i, indicative of the residual pre-stram and asso-
cIated stored compressive/tensile stresses, Volume reduction
surgery in effect mimics the stram-stre" ,tate by re,ecting a
,liver (8) of muscle, Tramformation of the "open" unstre"ed
state to closed pre-,tre,sed configuratIon is a natural by-prod-
uct of the procedure.
1Iy observed when a radial cut is made to equatonal cross-
,ectional rings, revealing the zero-stre" configuration,S man-
ifesting an opening m the muscle ring (Fig I). In general, the
residual strain distribution~'s m the heart is such that it
exhibits a compressive circumferential stre" in the inner
layer of the ventricle and a principally tensile stre" in the
,ubepicardium (FIg 2). As a point of reference, one would
expect a greater increase in the residual stress, that i" greater
opening angle, to accompany concentric hypertrophy.
Conversely, a dilated, volume-overloaded heart would exhIb-
It a decrea,e in It<; tendency to "spring open" (Fig I), leading
to a state devoid of residual <,tress. A potential benefit of an
elastically preloaded ventricular configuration i, that It give,
rise to a gradient in tran,mural sarcomere length at the onset
of diastole that normalizes as the ventricle fIlls'" Naturally
arising pre-strain may help redistnbute the transmural gradi-
ent in LV wall stre" such that myocytes located in a different
region are "loaded" optImally, resulting in greater efficiency
of contraction.!'
We have come to appreciate that the pressure m the left
ventncle during the relaxation and filling phase IS determined
not only by the viscoelastic properties of the myocardium,
but also by the active muscle-borne restonng forces. The phe-
nomenon of "diastolic suction" IS coupled, in part, to the abil-
ity of the heart to eJect beyond the so-called "unloaded" vol-
ume (LV pressure - 0). Reimtatmg these favorable condition"
that IS, smaller end-,ystolic volume, whereby an increase in
ela,tlc recoil is made operational again can aid m ventricular
I
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Fig 2. Idealized plot'.; of transmural (endocardium-epicardium)
residual stram and stre". Arrows describe the increasing
degree of deformation (pre-strain angle of opening) at zero-
stress predicted for a cylindrical model of the heart (Fig I).
Note that the strain/,tress are compressive (-) m the subendo-
cardial layer and tensile in the subepicardial layer. (Adapted
from Fung yc. Biomechanics-Circulation. New York:
Spnnger-Verlag: 1980. p 80. Reproduced with permission.)
filhng. One would also expect that any form of effective
enhancement of contract1le performance will have additive
benefits in reJn,tituting the active diastolic filling phase.
Clearly, the pre-stressed LV chamber is positioned favorably
to "spring back" and, in the process, contribute to the dynam-
ics of LV filling phase. ThiS may explain how end-diastolic
comphance can be improved in this patient population de-
spIte reductIon in chamber size and the resultant, relatively
thickened, wall.
The volume reduction procedure has the potential to re-
establish the ,train-stress state of the LV chamber by surgi-
cally mimicking and reconstitutmg the zero-stress state. By
staging and recreating what would be the equivalent of a
zero-stress opening arc (Fig I) seen in healthy hearts, surgi-
cal remodeling can recreate, within limits, the residual strain/
,tress state of the dilated resized heart. A natural by-product
of resecting a variable ,liver of the LV free wall (Fig I) is that
when the LV chamber i, reconstructed the resulting end-
effect i, reduced diameter, giving rise to a relatively thick-
ened LV wall. nece"itating compression of the subendocar-
dial layers and stretching of the subepicardial layers.
Importantly, transmural distributIOn of reSIdual stress is
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expected to atfect not only the pas,ive and active ventricular
properties but abo a number of related attributes of cardiac
function. such as preload-recruitable stroke work. myocardial
energetics. and coronary tlow dynamics. The restitution of
re,idual straIn-<,(res, may prove to he applicable and con-
tnbute to the efficacy of cardiomyoplasty. In particular. recent
prelimInary data sugge'it that the benefits (reverse remodel-
Ing) observed may be related to pas,lve constants (girdling)
of the heart and not to systolic augmentatIOn per se. Clearly
the Intended benefIts of restoring the reSidual strain/stre" are
disea,e-specific and may not be amenable to surgically
achievIng the ideal in terms of the regional and global struc-
ture conformation that may he required. DependIng on the
prevailing LV geometry and chamber size. the reconstructed
heart may not reach the demed degree of pre-strain. This may
explaIn. in part. the variable results achieved clinically thus
far 1 It must be recognized that this proposed conceptual
framework and theoretical approach remain unproven. requir-
ing basic laboratory supporting data. Moreover. the analysIs
presented is confined to Circumferential strain-stress consid-
eration. A 3-dimensional mapping of the residual (end-sys-
tolic) regional strains would provide important additional
Information that may help "'optimize"' the planed surgical
remodeling (resection size. shape) of the heart. beyond that of
performing a "'simple"' exci,ion.
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The route of choice for the axillocoronary bypass
graft
To the Editor:
I read with great interest the recent article hy Bonatti and
colleagues. "'Axillocoronary Bypass for Severely Athero-
sclerotic Aorta in Coronary Artery Bypass Grafting.",l Their
approach seems to be an excellent solution to prevent cere-
bral embolization during the construction of proximal anas-
tomoses while performing coronary bypass operations in
patients with a severely atherosclerotic ascending aorta. Of
concern, however. is the course they chose to tunnel the graft
into the thoracic cavity which. in turn. may limit it, patency
and the application of this procedure.
Several routes have been previously reported to tunnel axil-
locoronary grafts into the chest cavity: a subcutaneous
course." a subfascial plane.' a tunnel through the bed of the
,econd costal cartilage,4 or a tunnel through the intercostal
muscles.s Bonatti and colleagues I chose the last one.
During quiet. deep, and forced respiration. the external
intercostal muscles raIse the ribs. During forced respiration
the internal intercostal muscles lower the ribs. The combined
action of the external and internal intercostal muscles draws
the ribs together. This can be felt during insertion of chest
tubes while performIng digital examination of the pleural
cavity when patients suddenly cough. It is no surprise that a
patient, reported to have undergone an axillocoronary bypass
with tunneling of the graft through the intercostal muscles.
died suddenly 3 weeks after the operation5
Before using the axillary artery a, a source of inflow to
revascularize the coronary arteries, I realized that there was
no natural passage to reenter the chest cavity.6 Therefore I
decided to remove the anterior portion of the first rib. which
transformed the proximal portion of the axillary artery into an
Intrathoracic structure (Fig 1). This surgical step requires
expertise u,ually acquired while treating patients With tho-
Fig I. A, Top view of the thoracic outlet. B, Observe how, by removing the anterior portIOn of the first rib. the
proXimal portion of the axillary artery becomes an intrathoracic structure.
